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Abstract We present results from the photometric and spectroscopic identification of 122 
X-ray sources recently discovered by XMM-Newton in the 2-10 keV band (the 
HELLAS2XMM ldF sample). One of the most interesting results (which is 
found also in deeper sourveys) is that ~ 20% of the sources have an X-ray 
to optical flux ratio (X/O) ten times or more higher than that of optically se- 
lected AGN. Unlike the faint sources found in the ultra-deep Chandra and XMM- 
Newton surveys, which reach X-ray (and optical) fluxes > 10 times lower than 
in the HELLAS2XMM sample, many of the extreme X/O sources in our sam- 
ple have R ^ 25 and are therefore accessible to optical spectroscopy. We report 
the identification of 13 sources with extreme X/O values. While four of these 
sources are broad line QSO, eight of them are narrow line QSO, seemingly the 
extension to very high luminosity of the type 2 Seyfert galaxies. 

Keywords: X-ray: background, X-ray: surveys, QSO: evolution 

1. Introduction 

Hard X-ray surveys are the most direct probe of supermassive black hole 
(SMBH) accretion activity, which is recorded in the Cosmic X-ray Background 
(CXB), in wide ranges of SMBH masses, down to ~ 10 6 - 10 7 M Q , and bolo- 
metric luminosities, down to L ~ 10 43 erg/s. X-ray surveys can therefore be 
used to: study the evolution of the accreting sources; measure the SMBH mass 
density; constrain models for the CXB [1 2|, and models for the formation 
and evolution of the structure in the universe EHH- These studies have so 
far confirmed, at least qualitatively, the predictions of standard AGN synthesis 
models for the CXB: the 2-10 keV CXB is mostly made by the superposition 
of obscured and unobscured AGNs ([5, 6] and references therein). Quantita- 
tively, though, rather surprising results are emerging: a rather narrow peak in 
the range z=0.7-l is present in the redshift distributions from ultra-deep Chan- 
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dra and XMM-Newton pencil-beam surveys, in contrast to the broader max- 
imum observed in previous shallower soft X-ray surveys made by ROSAT, 
and predicted by the above mentioned synthesis models. However, the opti- 
cal identification of the faint sources in these ultra-deep surveys is rather in- 
complete, especially for the sources with very faint optical counterparts, i.e. 
sources with high X-ray to optical flux ratio (X/O). Indeed, the optical mag- 
nitude of rs 20% of the sources, those having the higher X/O, is RZ, 26 — 27, 
not amenable at present to optical spectroscopy. This limitation leads to a 
strong bias in ultra-deep Chandra and XMM-Newton surveys against AGN 
highly obscured in the optical, i.e. against type 2 QSOs, and in fact, only 10 
type 2 QSOs have been identified in the CDFN and CDFS samples 00. To 
help overcoming this problem, we are pursuing a large area, medium-deep sur- 
veys, the HELLAS2XMM serendipitous survey, which, using XMM-Newton 
archival observations [9| has the goal to cover ~ 4 deg 2 at a 2-10 keV flux 
limit of a fewxlO -14 erg cm~ 2 s~ 4 . At this flux limit several sources with 
X/0> 10 have optical magnitudes R=24-25, bright enough for reliable spectro- 
scopic redshifts to be obtained with 10m class telescopes. 

2. The HELLAS2XMM ldF sample 

We have obtained, so far, optical photometric and spectroscopic follow-up 
of 122 sources in five XMM-Newton fields, covering a total of ~ 0.9 deg 2 (the 
HELLAS 2XMM 'ldF sample), down to a flux limit of F 2 _i fc e y ~ 10~ 14 erg 
cm~ 2 s~ 4 . We found optical counterparts brighter than R~ 25 within ~ 6" 
from the X-ray position in 116 cases and obtained optical spectroscopic red- 
shifts and classification for 94 of these sources [8 |. The source breakdown 
includes: 61 broad line QSO and Seyfert 1 galaxies, and 33 optically obscured 
AGN, i.e. AGN whose nuclear optical emission, is totally or strongly reduced 
by dust and gas in the nuclear region and/or in the host galaxy (thus including 
objects with optical spectra typical of type 2 AGNs, emission line galaxies and 
early type galaxies, but with X-ray luminosity > 10 42 erg s~ 4 ). We have com- 
bined the HELLAS2XMM ldF sample with other deeper hard X-ray samples 
including the CDFN QO), Lockman Hole 021 ED, and SSA13 [Ul samples, to 
collect a "combined" sample of 317 hard X-ray selected sources, 221 (70%) 
of them identified with an optical counterpart whose redshift is available. The 
flux of the sources in the combined sample spans in the range 10~ 15 — 4 x 10~ 13 
erg cm -2 s _1 and the source breakdown includes 1 13 broad line AGN and 108 
optically obscured AGN. 

Fig. n snows the X-ray (2-10 keV) to optical (R band) flux ratio (X/O) as 
a function of the hard X-ray flux for the combined sample. About 20% of the 
sources have X/O > 10, i.e ten times or more higher than the X/O typical of 
optically selected AGN. At the flux limit of the HELLAS 2XMM ldF sample 
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Figure 1 The X-ray (2-10 
keV) to optical (R band) flux 
ratio X/O as a function of the 
X-ray flux for the combined 
sample (HELLAS 2XMM = 
open circles; CDFN = filled 
squares; LH = filled trian- 
gles; SSA13 = filled circles, 
skeleton triangles are sources 
without a measured redshift). 
Solid lines mark loci of con- 
stant R band magnitude. 

several sources with X/O > 10 have optical magnitudes R= 24-25, bright enough 
to obtain reliable spectroscopic redshifts. Indeed, we were able to obtain spec- 
troscopic redshifts and classification of 13 out of the 28 HELLAS 2XMM ldF 
sources with X/0> 10; 8 of them are type 2 QSO at z=0. 7-1.8, to be compared 
with the total of 10 type 2 QSOs identified in the CDFN Q and CDFS @. 
Fig. show the X-ray to optical flux ratio as a function of the X-ray lumi- 
nosity for broad line AGN (left panel) and non broad line AGN and galaxies 
(central panel). While the X/O of the broad line AGNs is not correlated with 
the luminosity, a striking correlation between log(X/0) and log(L2_iofcey) is 
present for the obscured AGN: higher X-ray luminosity, optically obscured 
AGN tend to have higher X/O. A similar correlation is obtained computing the 
ratio between the X-ray and optical luminosities, instead of fluxes (because the 
differences in the K corrections for the X-ray and optical fluxes are small in 
comparison to the large spread in X/O). All objects plotted in the right panel 
of Fig. [2]do not show broad emission lines, i.e. the nuclear optical-UV light 
is completely blocked, or strongly reduced in these objects, unlike the X-ray 
light. Indeed, the optical R band light of these objects is dominated by the 
host galaxy and, therefore, X/O is roughly a ratio between the nuclear X-ray 
flux and the host galaxy starlight flux. The right panel of Figure |2] helps to 
understand the origin of the correlation between X/O and L2-iofc e y- While the 
X-ray luminosity of the optically obscured AGNs spans about 4 decades, the 
host galaxy R band luminosity is distributed over less than one decade. The 
ratio between the two luminosities (and hence the ratio between the two fluxes, 
see above) results, therefore, strongly correlated with the X-ray luminosity. 

3. Summary 

We have obtained spectroscopic redshifts and classification of 13 out of the 
28 HELLAS2XMM ldF sources with X/O > 10: the majority of these sources 
(8) are type 2 QSOs at z=0.7-1.8, a fraction of type 2 QSOs much higher than 
at lower X/O values. We find a strong correlation between X/O and the X-ray 
luminosity of optically obscured AGN, X/O=10 corresponding to an (average) 
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Figure 2. The X-ray to optical flux ratio X/O versus the X-ray luminosity for type 1 AGN 
(left panel), and non type 1 AGN and galaxies (central panel); X/O versus the optical luminosity 
for non type 1 AGN and galaxies (right panel). Symbols as in Fig. Q The orizontal lines mark 
the level of X/O=10, ~ 20% of the sources in the combined sample have X/O higher than this 
value. The diagonal line in the right panel is the best log(X/0)-log(L2-iofc e v) linear regression. 



2-10 keV luminosity of 10 erg s . Sources of this luminosity and flux 
?s 10~ 15 erg cm -2 s -1 , reachable in Chandra and XMM-Newton ultra-deep 
surveys, would be at z~ 3. Although only 20% of the X-ray sources have 
such high X/O, they may carry the largest fraction of accretion power from 
that shell of Universe. Intriguingly, Mignoli et al. (2003 in preparation) find 
a strong correlation between the R-K color and the X/O ratio for a selected 
sample of 10 high X/O HELLAS2XMM ldF sources, all of them having R- 
K> 5, i.e. they are all Extremely Red Objects. 
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